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Introduction 
Outdoor breeding of pigs in Great Britain constitutes a substantial proportion of 
the British pig industry, with at least 40% of the breeding herd kept outdoors. Outdoor 
production is viewed as more welfare friendly and forms a break between cereal crops. 
Outdoor pig production has a tendency for high Salmonella seroprevalence at slaughter 
[1], with evidence for a wide diversity of resident and transient infections on farm, often 
showing some overlap with local environmental and wildlife isolates [2]. Outdoor pigs 
may be at increased risk of infection due to: the lack of a controlled environment that 
can be cleaned and disinfected between batches of pigs; less control over exposure of 
pigs to factors such as cold and heat stress; and increased exposure to Salmonella 
through difficulties in applying biosecurity for personnel and vehicles as well as 
increased contact with the environment and wildlife [2]. Anecdotal information has 
shown that moving outdoor pigs to new land is usually followed by an improvement in 
herd health and productivity. It is believed that outdoor herds in the UK typically move 
site every 2-3 years. The aim of this longitudinal study was to investigate the effect on 
the occurrence of Salmonella of moving pigs to new land and the sustainability of any 
improvements over a one year period. 
 
Material and methods 
Nine farms participated in the study and these consisted of five breeder farms, 
three finishers and one farrow-to-finish farm. The farms were visited four times over a 
12 month period. The first sampling visit was shortly before a change of site, followed 
by three visits, each four months apart, to evaluate the change in prevalence and 
distribution of Salmonella. Over 200 pooled and individual faecal samples were 
collected from pigs at each farm visit to estimate the prevalence in the different pig 
stages present and identify the Salmonella serovars present, with some additional 
samples from the environment (wildlife faeces, waste runoff, etc). Salmonella was 
isolated according to ISO6579 Annex D and serotyping carried out for positive isolates. 
Up to 40 positive individual faecal samples were enumerated using a dilution/ 
enrichment method to estimate the concentration of Salmonella present per gram of 
faeces. At the initial visit, a questionnaire was completed with the farmer to collect farm 
information on the original location and pig health and management. At each 
subsequent visit, a short form was completed to detail the new site (at visit 2) and 
identify any changes to farm management since the last visit, and other general 
observations that might have influenced the Salmonella results. 
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A mixed-effects model, accounting for farm clustering, was generated to assess 
the effect of visit number on Salmonella presence. A priori variables for sample type 
and seasonality (sinusoidal quarterly components) were included, and a forwards 
stepwise selection used to identify other differences between the farms, significantly 
associated with Salmonella, which needed to be accounted for. All analyses were 
completed in Stata 12 (Statacorp, College Station, Texas, USA). 
 
Results 
A total of 8,549 samples were collected from the farm visits, with 92% being 
pooled or individual faecal samples from pigs, and 8% being environmental or faeces 
samples from wildlife or cattle. Salmonella was most frequently detected in pooled pig 
faeces samples (33.2%) as well as from samples from run-off and pooled water (47.3%), 
rodent faeces (40.0%) and wild bird faeces (37.3%). From the pooled faecal samples, up 
to 13 different serovars were detected at each farm visit (mean 5.5), with 37 different 
serovars detected in total. The most prevalent serovars were the two mST variants: 
S.4,12:i:- (210 isolates) and S. 4,5,12:i:- (200 isolates), followed by S. Derby (148) and 
S. Rissen (124). Amongst the individual samples, 1-10 serovars were detected per visit 
(mean 3.8), with 25 different serovars detected in total. The most prevalent serovars 
were similar to those from the pooled samples. The number of serovars detected across 
samples at each visit varied, with an average of 6.2 separate serovars detected at the 
baseline visit, 4.8 at visit 2, 5.8 at visit 3 and 6.9 at visit 4. 
The prevalence of both Salmonella spp. and serovars of public health importance 
(ST, mST or S. Enteritidis (SE)) were lower on average after the move to the new site, 
which increased at visits 3 and 4 but remained lower than at visit 1 (Table 1). Some 
variability was shown in the results from individual farms, but a year after the move, six 
farms maintained a prevalence lower than at the original visit.  
 
Table 1. Summary of sample results from the visits to nine outdoor pigs herds. 
Visit Nº. samples 
Nº. Salmonella 
positive 
Per cent 
positive 
No. ST/ mST/ SE 
positive 
Per cent 
positive 
visit 1 2,562 758 29.6% 282 11.0% 
visit 2 1,947 330 16.9% 124 6.4% 
visit 3 2,031 436 21.5% 181 8.9% 
visit 4 2,009 526 26.2% 150 7.5% 
 
An average of 15 Salmonella-positive individual samples were selected for 
enumeration from each farm visit (range 1-40). Estimates of numbers of salmonellae 
ranged between <1 to 10
5
-10
6
 cfu/g. Samples with the highest Salmonella level were 
only found at visit 1, and the number of samples with levels of 10
4
-10
5
 increased from 
zero at visit 2 to 1 at visit 3 and 2 at visit 4. However, a comparison of these results 
indicated that they did not differ widely between visits and the proportion of samples 
with levels over 10
2
/g was small (~5%). 
A mixed-effects model (Table 2) showed that the Salmonella prevalence at visits 
2 and 3 was significantly lower than before the move but no significant reduction was 
observed at the final visit, after accounting for a number of significant factors included 
in the model. The final model included three variables additional to the a priori 
variables for sample type and seasonality. These were: coughing in the sampled group, 
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which was a risk factor; Glasser’s Disease diagnosed in the herd since the last visit, 
which was protective; and the use of tent or kennel accommodation for the sampled 
group, which was a risk when compared with arcs. 
 
Table 2. Results from a mixed-effects model, determined by stepwise selection, assessing the effect of 
visit number on Salmonella prevalence on nine outdoor pig farms (n=8,548). Levels included for missing 
values or not applicable results have been omitted from the table. 
Variable Level 
Odds 
Ratio 
P-value 
95% Conf. 
Interval 
Visit 1 1.00 
   
 
2 0.41 <0.001 0.34 0.51 
 
3 0.74 0.025 0.57 0.96 
 
4 1.18 0.083 0.98 1.42 
Sample type Individual 1.00 
   
 
Pooled 3.05 <0.001 2.71 3.44 
Sampled area Gestation 1.00 
   
 
Farrowing 0.19 <0.001 0.16 0.23 
 
Weaners 0.48 <0.001 0.33 0.69 
 
Growers 0.49 0.001 0.32 0.75 
 
Finishers 0.27 <0.001 0.20 0.36 
 
Gilts 0.65 0.030 0.44 0.96 
 
Maiden Gilts 0.44 0.252 0.11 1.80 
 
Dry Sows 0.31 <0.001 0.24 0.41 
 
Environmental 1.12 0.784 0.50 2.49 
Sinusoidal quarterly cycle 
Sin 0.82 0.001 0.73 0.92 
Cos 0.98 0.702 0.86 1.11 
Coughing in sampled group 
Yes 4.01 <0.001 2.78 5.78 
No 1.00    
Clinical Glasser’s disease 
present on farm 
Yes 1.00 
   
No 2.04 <0.001 1.68 2.48 
Pig Accommodation Arc 1.00 
   
 
Hut 1.04 0.777 0.79 1.38 
 
Kennel 7.73 <0.001 2.45 24.43 
 
Lairage building 1.68 0.089 0.92 3.03 
 
Tent 3.82 <0.001 2.59 5.61 
 
Two farms showed an increase in prevalence from the pooled samples after the 
site move but no information collected by the questionnaire or discussion with the 
farmers could explain this difference. The results for the individual faecal samples were 
more prone to fluctuations with greater numbers of farms showing prevalence increases 
at these stages, but smaller numbers of positive individual samples may have been 
associated with greater sample variability. Some variation in the results may reflect 
seasonality, as farms were sampled at different times of the year and heavy rain or 
higher temperatures, potentially causing heat stress in the pigs, have been linked to 
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Salmonella shedding [3]. Although seasonality was accounted for in the risk factor 
model, it would not have reflected local weather conditions. 
The multivariable risk factor model identified only a small number of factors that 
were significantly associated with Salmonella prevalence. As expected, the a priori 
variables showed that pooled faecal samples were at greater risk of being positive than 
individual samples, and samples from farrowing, weaner, grower, finisher, dry sow and 
gilt areas of the farm were all at lower risk compared to those from gestation areas. This 
may be related to greater movement and mixing of sows after weaning and during 
service procedures, together with higher stocking densities in more muddy paddocks 
and the use of floor feeding. Coughing detected in the sampled pigs was a risk factor 
and positive associations between Salmonella presence and pneumonia have been 
shown by previous studies [4]. This may be due to the effect of one pathogen 
challenging the immune system and facilitating the infection by another, or may be due 
to Salmonella and respiratory conditions sharing similar risk factors, such as the use of 
straw-based housing and continuous flow production [5; 6]. However, the presence of 
Glasser’s disease in the herd at a specific sampling visit was protective which was 
counterintuitive. This may have been due to random chance or it may have been a proxy 
for the effect of pig management factors used to control Glasser’s disease, such as use 
of quarantine and improved cleaning and disinfection, that would also help protect 
against Salmonella. Pigs using kennels and tents were shown to be at greater risk than 
those using arcs, which may be due to larger groups of younger pigs typically using this 
type of accommodation. Additionally, solid structures like arcs may be easier to clean 
between batches, whereas tents may remain contaminated and spread infection to new 
batches. 
 
Conclusion 
The prevalence of Salmonella was lower following movement of pig herds to a 
new site and, while it increased throughout the subsequent study, it remained on average 
lower at the end of the sampling period (a year later). The risk factor model showed that 
the odds of a sample being positive was reduced by more than 50% after movement to 
the new site and by 25% at the third visit, both of which were statistically significant. 
The diversity of serovars detected after the site movement decreased, which supports 
this conclusion and results suggest that the land was less contaminated before the pigs 
were moved to the new site but after a year the site was at a similar level of 
contamination to that previously. These findings, along with the high prevalence 
detected from samples from run-off and pooled water, and wild birds and rodents may 
highlight the greater risk of infection via environmental sources for outdoor pigs. 
The findings provide important evidence that more frequent site moves may help 
reduce Salmonella prevalence in outdoor herds. Additionally, Salmonella is a useful 
indicator bacterium, highlighting areas of poor control for other pathogens transmitted 
by faeces, and so the improvements may also have impact on reducing the occurrence of 
other diseases. It should be noted that moving site would incur a cost to the farmer and 
new land is not always available. This was a small trial of nine outdoors farm and so 
corroboration of the findings in other trials would be beneficial, as well as an 
investigation of any potential cumulative benefit if herds were followed over a series of 
annual moves. Abstract adapted from Smith et al [7], where further details of the study 
are presented. 
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